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Abstract 
In this paper, a novel polymer MOEMS (Micro-Opto-Electro-Mechanical Systems) accelerometer is reported on. 
Low cost, photopatternable epoxies, EpoClad and EpoCore, are UV exposed by lithography to form this 
accelerometer in a simple and robust fabrication process. The EpoClad is used for the cladding layer and EpoCore for 
the waveguides, fiber optic clamps and the seismic mass. The acceleration sensing principle is based on light intensity 
modulation by the reflection of seismic mass’ position. A laser diode light source and a photodiode, connected to the 
sensor core through optical fibers, are used to extract the intensity variation as a function of acceleration. A vibration 
test of this MOEMS accelerometer yields a measured sensitivity of 1.5 mV/g. 
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1. Introduction 
Nomenclature 
E       Young’s modulus                                      la      Length of the spring element parallel to the x-axis 
I        Moment of inertia                                     lb      Length of the spring element orthogonal to the x-axis 
N       Number of serpentine spring foldings      m     Seismic mass          
t         Thickness of the structure layer               k      Spring constant 
w        Width of the spring element                    f       Resonant frequency 
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MEMS accelerometers almost invariably adopt piezoresistivity, resonance or capacitance change as 
sensing principles. However, they suffer from high cross sensitivity to electromagnetic interference 
(EMI), and their nearby electronic readouts render them unsuitable in harsh or explosive environments. 
Optical accelerometers can be a solution because of the intrinsic immunity of the core part of the sensor 
against EMI and the capability to place the optoelectronic circuitry remotely, through optical fiber 
connections. 
Optical accelerometers based on silicon thin-film technology have been studied [1]. Thermal grown 
silicon dioxide forms the core of the waveguide, and deposited silicon nitride forms the cladding layer. 
The silicon nitride film thickness is limited by the high intrinsic built-in stress. The need for thick 
cladding layers can be avoided by employing AntiResonant Reflecting Optical Waveguides (ARROWs). 
However, this technological complexity promotes the investigation on polymer technology as an 
alternative, reducing the production cost and increasing the yield. State-of-the-art polymer optical 
accelerometers have been realized using SU-8 as the functional material [2]. In this paper, a design based 
on two different epoxies, EpoClad and EpoCore, is presented. EpoClad and EpoCore have improved 
properties compared to SU-8 for the fabrication of an optical accelerometer. Indeed, EpoClad/EpoCore 
yields better transmittance and optical stability than SU-8 [3]. EpoClad/EpoCore also has a better 
adhesion and a higher Young modulus than SU-8, while it can still achieve a sufficiently high aspect ratio, 
enabling high stress endurance [4]. 
2. Design and fabrication 
The working principle of the proposed MOEMS accelerometer is illustrated schematically in Fig. 1. 
Two optical fibers connect to the source and the readout photodiode, respectively. The facet of the 
seismic mass reflects the light emitted from the input waveguide to the output waveguide. Output light 
intensity variation is a direct function of the seismic mass position which alters upon acceleration. Fig. 2 
(a) shows a SEM picture of the fabricated optical accelerometer. The input/output waveguides are 
connected to fibers by a dedicated clamp design, illustrated in Fig. 2 (b).  
  
 
 
 
 
 
 
 
 
 
                                                                  
Fig. 1. Schematic drawing of the working mechanism of the proposed polymer MOEMS accelerometer. 
 
The total spring constant of the designed serpentine beams is calculated according to [5] 
 
                                                  ,                                                                                                      (1)                       
 
The resonant frequency of the accelerometer is derived from  
 
                                                                                                                                                          (2) 
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The properties of the designed accelerometer are summarized in Table 1.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
(a)             (b) 
Fig. 2. (a) SEM picture of the accelerometer. Input/output waveguides, optical fiber clamps and seismic mass are indicated. The 
reflective facet of the seismic mass for light intensity modulation is shown in the enlarged figure; (b) Insertion of the optical fiber. 
The fiber clamp ensures no misalignment between the fiber and the waveguide both in-plane and out-of-plane. 
3. Measurement and results 
Both static and dynamic tests were performed to evaluate the properties of the accelerometer. The 
static test was conducted using a probe station to move the seismic mass of the accelerometer. The light 
intensity variation as a function of the seismic mass position is shown in Fig. 3 (a). The dynamic test was 
performed on a vibration test setup. Fig. 3 (b) demonstrates the test setup, which consists of a shaker, a 
data acquisition system, and a reference accelerometer. The device under test (DUT) is mounted as close 
as possible to the reference accelerometer, and connected to the light source and the photodiode circuitry 
via optical fibers. Vibration test comparison results of the DUT and the reference accelerometer in time 
domain are shown in Fig. 4. The vibration frequency is 300 Hz. The sensitivity of the DUT is around 1.5 
mV/g. 
 
 
(a)             (b) 
Fig. 3. (a) Probe station test. Accelerometer is initially at neutral position. Positive displacement represents seismic mass move 
towards waveguides. Negative displacement represents seismic mass move against waveguides. Error bars indicate standard 
deviation; (b) Schematic of the vibration test setup. 
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Fig. 4. Vibration test results of the DUT and the reference accelerometer in time domain.  
Table 1. Properties of the accelerometer. 
 
 
4. Conclusion 
A novel polymer MOEMS accelerometer is presented in this paper. A simple and robust fabrication 
process is used to photolithographically define this accelerometer utilizing low cost, photopatternable 
epoxies, EpoClad and EpoCore. A vibration test of this accelerometer yields a measured sensitivity of 1.5 
mV/g. 
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spring constant ~ 12 N/m 
seismic mass ~ 0.3 mg 
resonant frequency ~ 1 kHz 
